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COMPLETE SPECIFICATION 
A Process for the Manufacture of 6,10-Dimethyl-Undecanone-(2) 




We, F. Hoffmann-La Roche & Co., 
Aktiengesdlschaft, a Swiss Company, of 124 
—184 Grenzacherstrasse, Basle, Switzerland, 
do hereby declare the invention, for which we 
5 pray that a patent may be granted to us, and 
the method by which it is to be performed^ 
1X5 be particularly described in and by the 
following statement: — 

The present invention relates to the syn- 
10 diesis of 6,10 - dimethyl - mdecanone-<2) 
[otherwise known as. hexahydro - pseudo- 
ionone]; more particularly, the invention is 
concerned with a process for the manufacture 
of said compound from 6,10 - dimethyl- 
undecadien-(5,9)-one-(2) [otherwise known as 
geranyl-acetone] or 6,10-cUmethyl--undecen- 
(5)-*me-(2) [otherwise known as tetrahydro- 
pseudoionorp] and with ai synthesis of said 
compound incorporating saidi process. 

Hexahydro -psmfoionone is- useful for the 
manufacture of zsophytol which^ in turn, is 
useful for the manufacture of vitamin E and 
vitamin K. It is a known compound. Hitherto 
it has: been prepared fronu citral and other 
natural products by a process which was 
attended by considerable difficulty arising 1 , out 
of the contamination of the pro duct with sub- 
stances formed as by-products in the process. 
The hexahydro^^e-iftloionone provided by the 
process of this invention, to be described 
hereinafter, is in a purer form than that 
obtained by processes hitherto used. 

According toi the process provided by the 
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invention hexahydro-ps^dfoionone is manu- 
factured by the catalytic hydrogenation of 
geranyl-acetone or tetrahydio^s^^ 
The hydrogenation is preferably carried out 
in the presence of a) palladium catalyst. How- 
ever, any hydrogenation catalyst which does 
not lead to the addition of hydrogen at the 
carbonyl group can be used. The use of an 
inert solvent or the application of heat is not 
necessary. According m whether geranyl- 
acetone or tetrahydro^ps^oionone is used, 
two mois or one mole of hydrogen are or is 
taken upi during the process. 

The synthesis of hexahydro^ps^doionone 
incorporating the aforesaid process and also 
provided by the invention utilizes 6-methyl- 
hepten-(5)-one-(2) or 6-methyl-heptanone-(2) 
as initial materials. It amprises adding the 
elements of acetylene to either of these 
materials by treating same with an alkali- 
metal derivative} of acetylene in liquid ammo- 
nia solution and treating the product with 1 a 
non-alkaline hydirolysing agent, partially hy- 
drogenating the triple bond in the resulting 
acetylenic carbinol so as to convert said bond 
into a double bond, reacting the pattial- 
hydrogenation product with diketene, elimin- 
ating the elements of carbon dioxide from the 
reaction product! by heating same and cataly- 
ticaliy hydirogenating the geranyl-acetone or 
tmiahydro^sewdfoionone so obtained. 

The synthesis may be fflustrated thus: — 
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7 C=CH-CH2CH 2 -C0-CH3 
CH3' ^ ^ 

&-E»tnyl~hept en-(S) -one-(2) 

CH=CH 



I' 



3 t 7-diaetliyl-ocfcen-C^)-iii-Cl)-ol-(3) 

(cteTiydrol inalo ol) 

I partial hydroge nation. 

CH3 V ▼CH 2 -CH 
C=CH-CH 2 CH2-(?-0H 

3,7-aametkyl«^>cfcaaien-(l,6)-ol-C3) 
I (linalool) 



ailoatene 

CH3 CH3 

3,7-aiicetliyl-octaai«n-(1 ,6)-3*-<3) 
acetoacetate (linalyl acetoacetate) 

*heot 



CH3. 

<a-CHfCH2CHj2-C0-CH3 
CH3' 

6-n*ethyl-heptanone-(2) 

J Chhch 

CH3. ▼ CHs? 

\jH-CH2CH£Ca2-fc?H 

3,7-aimetVl-octin-(l)-ol-(3) 
(aihyaro-aehyarolinalool) 

I partial hyflrogenation. 

CH3' C* 3 
3,7-ai»ethyl-octen-(l)-ol-(3) 
(aihydro-lxnalool) 
aiketene 



I' 



^ 5 ^CH-(^2^2^^ 0rCO " <3S 2- CCKCfI 3 

3,7-dijnBthyl-octen-(l)-yl-(3) 
acetoacetate (dihydro-linalyl 
acetoacetate) 

I heat 



.ch 3n 



'CrCK-Ci%C2r2-C0-CH3 



6,10-amethyl-vnaecaaien-C5,9) -one-(2) 

(geranyl acetone or dihydro -yseudo - 
ionone) 



ca 5s 




CH3, c 

6 > 10-dimethyl-unaecen-(5)-one-(2) 
(tetraHyaro-Eseuapionone) 



catalytic 
hydrogenation 



> f CK ^CH-CH 2 CH2CEfe-C0-<3f 5 



6,10-aiiaethyl-iznaecanone-(2) 
(hexahyaro -pscuao ionone) 
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A further synthesis embodying the step of 
catalytically hydrogenating geranyl-acetone or 
tetrahydro-^s^doionone is described and 
claimed in tibe specification of our copending 
application for Letters Patent No. 4877/56 
(now serial no-. 788,302). 

The addition of the elements of acetylene 
to the 6-metihyl-hepten-(5)-one-(2) or to the 
6«methyl-heptanone-(2) may be carried out by 
treating either compound in Mquid ammonia 
solution with an alkali-metal derivative of 
acetylene and treating the product with a 
dilute aqueous acid, with water or with non- 
alkaline ammonium! salts as such cr aqueous 



solutions thereof. The alkali-metal derivative 
may be made by passing acetylene into a solu- 
tion of the alkali-metal (e.g. sodium) or alkali- 
metal amide (e.g. sodamide) in liquid ammo- 
nia. In ; this way an acetyleneHzarbinol (that is 
to say, dehydrolinalool or dihydro-dehydro- 
linajlool) is obtained in an almost quantitative 
yield. 

The partial hydrogenation of the triple 
bond of the acetylene-carbinol aforesaid is 
carried out by catalytic hydrogenation in the 
presence of a selective palladium- or nickel- 
catalyst. For example, an almost quantitative 
yield is obtained by hydrogenation with a 
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pafladiumj/ caidum-carbonate catalyst which 
has been deactivated by means of lead. This 
stepi leads to the formation of a vmyl-carbonol 
(that is to say, linalool or dihydro-linalool). 
5 The reaction of the partiai-hydrogenation 
product with' diketene is best carried out by 
the gradual additions of diketene to the said 
vinyl-carhinol ini the presence of a weakly acid 
agent, e.g. a mixture of pyridine and acetic 

10 acid or of choline and acetic acid. The re- 
action am be carried out with or without a 
solvent. The resulting, acetoacetate compound 
(that is;, iinialool acetoiacetate or dihydro- 
linalool acetoacetate) need not be isolated 1 or 

15 purified for the next step. 

The eil'emieniSi of carbon dioxide are elimi- 
nated from the aforesaid acetoacetate com- 
pound by application of heat. The ehmination 
is accompanied by an internal rearrangement. 

20 A high temperature, preferably between 140° 
— 180° G, is required'. The product of this 
step> is geranyl acetone or tettahydro-p-se^o^ 
ionone and may be hydrogenated to give hexa- 
hydvat-pseudofowm in the manner indicated 

25 hereinbefore. 

The hexahydro-psmfoionone produced in 
accordance with the invention is very pure. 
The reagents used in the synthesis are easily 
and economically obtainable and the various 

30 steps give almost quantitative yields. The new 
process^ provides an advantageous and total 
synthesis of hexahydro^^oionone which is 
purer than that hitherto obtained from citral 
and other natural products 

35 The dmydronlinalyl acetoacetate obtained in 
the foregoing process by the action of diketene 
on ^ dihydrolinalool is a new substance. It is 
claimed per se inj the specification^ of Applica- 
tion for Letters Patent No. 29,635/56 (now 

40 serial No. 788,303). Also claimed in said 
specification is the three-step* process for the 
manufacture thereof described earlier herein 
[that is, the addition of acetylene to- 6-miethyl- 
heptanone-(2) followed by partial hydrogena- 

45 tion and reaction with diketene]. 

The following examples are illustrative of 
the said process and said synthesis: — 

Example 1. 
a) Dehydro^linalool. 

50 Sodium acetylide was prepared in a 3-litre 
3-neck flask equipped with stirrer, dropping 
funnel, gas inlet tube and dry-ice reflux con- 
denser, by bubbling acetylene into a solution 
of 57.5 g. (2.5 mols) of sodium) dissolved in 

55 800 ml of liquid ammonia. Completion of 
this reaction was. signified by disappearance of 
the blue colour. 

To the mixture was added, dropwise during 
two hours, a solution of 302.2 g. (2.4 mols) 

60 of 6-methyl-hepten-(5)-one-(2) in 300 ml. of 
toluene. A slow stream of acetylene was con- 
tinued during this time, and for act' additional 
hour.^ The reaction was; allowed to continue 
for eighteen hours:, and then the ammonia 



was distilled off in a stream of nitrogen. 65 
Finally, the reaction mixture was poured 
carefully onto a mixture of 200 g. of sulphuric 
on? J?** 800 g ' of ^ maintained at 10°— 
20 C. by external cooling. The organic layer 
was separated, and washed with saturated 70 
sodium) bicarbonate solution, and then with 
water until neutral. After removal* of the 
solvent in vacuo, distillation of the resi- 
due afforded 346.5 g. (95 per cent, of 3,7- 
toethyl-o^ten-(6)-yne-(l)-ol-(3) [dehychW 75 
tedool]; b.p ( . 88 -90° C./14 mml, = 
1.4608. 

b) LinalooL 

A solution of 465 g. (3.0 mols) of the 3 7- 
dimethyi^ ^ 900 ^ of 80 

pmoleumi ether (60° C.) was hydrogenated at 
i ? atmos Pfenc pressure, in the pres- 
ence of 23 g. of a lead-poisoned 5 per cent 
palla<^^/calduin^carbonate catalyst [Lind- 
lar, Helvetica Chimiea Acta, 1952, 35, 446] 85 
Exactly 3 mols of hydrogen were consumed 
ud four hours- when the absorption of hydro- 
gen had virtually ceased'. The catalyst was 
removed by filtration and after removal of the 
solvent in vacua, the product was distilled at 90 

U,6>o!L-(3) [linalool] was collected at 82° C / 
10 wm. n D * 5 = 1.4590; yield, 439 g. (95 per 
cent.). * 

c) Linalyl acetoacetate. 95 
A 3-litre 3-neck flask equipped with stirrer, 

thermometer, dropping funnel and condenser 
projected by calcium chloride tubes, was 
charged with 771 g. (5.0 mols) of the 3J- 
dimethyl-cctadien-(l,6)-ol-(3), 770 ml of ^0 
toluene, 15 ml. of pyridine and 15 ml of 
acetic acid. To this solution were added, dron- 
wise during three hours, 445.7 g. (5.3 mols) 
ot diketene. An exothermic reaction ensued, 
and the reaction temperature* was maintained 105 
at 25 — 30° C. by external cooling. Stirring 
was continued for an additional four hours 
when there was no further heat evolution. ' 
^ The reaction mixture was washed succes- 
sively with water, 1 N hydrochloric acid, 110 
water, saturated sodium bicarbonate, and 
finally with water until neutral. The organic 
layer was concentrated in vacuo, leaving crude 
3,7-^methyl-octadien-(l,6)-yl-(3) acetoacetate 
Llinaiyl acetoacetate] as a yellow-orange oil, in 115 
quantitative yield; n^ 5 = 1.4638. This crude 
product is of sufficient purity for use in the 
next step. 

d) Dmydro-fsesttMonone 

A 3-litre 3-neck flask equipped with a 120 
stirrer, thermometer and reflux condenser, the 
top of which was connected through a dry-ice 
trap to a gas meter, was charged with' 1192 g. 
(5.0 mols) of the crude 3,7-dimethyl-oc!tadien- 
(l,6)-yl-(3) acetoacetate. The flask was heated 125 
by an oil-bath to 140°— 150° C, whereby 
carbon dioxide was evolved rapidly. After 
two hours, the rate of gas evolution had 
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diminished: considerably, so the reaction tem- 
perature was increased to 155° — 165° G The 
reaction was terminated after five hours, when 
the production of carbon dioxide was 90 per 

5 cent, of theory. By fractional distillation of 
the reaction mixture from an efficient column, 
.there were collected 754 g. (77.5 per cent.) 
of 6,10 - dimethyl - undecadien-(5,9)-one-(2) 
rdihydro-^sewdaionone or geranyl acetone], 

10 b.p. 82°— 83° C. (0.8 una.); n/ 5 = 1.4658. 
e) Hexahydro^sewd'aionone 

A stirring autoclave was charged with 2,000 
g. of the{ 6,10 -dimethyl - undecadien - (5,9) - 
ons-(2) and with 100 g. of 5 per cent. lindlar 

15 lead - palladium/calcium - carbonate catalyst. 
Hydrogen was introduced under a pressure of 
500 lbs per square inch. Stirring was started, 
while cooling the autoclave, and the tempera- 
ture was allowed to rise to as maximum of about 

20 95° C. within about thirty minutes. The cool- 
ing was then ended and heat was supplied to 
the autoclave, and the reaction was continued 
for an additional period of approximately 
ninety minutes at about 95° — 100° C. At the 

25 end of this time, the contents of the autoclave 
were removed and filtered. The filtrate con- 
sisted essentially of 6,10 - dimethyl ~ un- 
decanone-(2) [hexahydro - pseudomnon^ a 
clear colourless liquid of somewhat musty 

30 odour, b.p. 63°— 65° C./0.3 mm. ip/ s = 
1.4325. 

Example 2. 

a) Dihydro-dehydrolinalool. 

To 7 litres of liquid ammonia, there were 

35 added 193 g. of metallic sodium over a period 
of one hour. Acetylene gas was then bubbled 
into the reaction until the solution changed 
colour from a> dark blue to white. 896 g. of 
6-methyi-heptanone-(2), dissolved in an equal 

40 volume! of diethyl ether, were then dropped 
in while stirring in one hour. The acetylene 
addition was continued for an additional three 
hours. The reaction was stirred all night, then 
the ammonia was distilled off with the aid of 

45 nitrogen gas. The residue was washed with 5 
per cent, sulphuric acid, then until neutral 
with water. On fractionation, the product, 
3,7 - dimethyl - octin - (1)- ol - (3) [o^ydro- 
dehydro linalool], distilled at 132 C. (150 

50 mm.) n* 25 - 1.4380. The yield was 82.2 per 
cent, of theory. 

b) Dihydro^linalool. . - , ._ N 
308 g. of the 3 5 7-dimethyl-octm-(l)-oK3) 

were placed in a 3-litre flask provided with a 
55 mercury sealed stirrer. To this there were 
added 20 g. of lindlar lead-palladium/ cal- 
cium-carbonate catalyst and 500 ml. of petro- 
leum ether. The; hydrogenation was earned 
out at ca 20° C, which went quite rapidly 
60 until two mols of hydrogen were consumed. 
Six hours were required for the reduction to 
be completed. The catalyst was filtered off and 
the product was fractionated in vacuo. There 
were obtained 249.5 g. of 3,7-dimethylHOcten- 
65 (l)-ol-(3) [dihydro-linalool] distilling at 81 °C. 



(10 mm.), n D 25 == 1.4345— 1.4350. The yield 
was 80 per cent, of theory. 

c) Dihydro-linalyl acetoacetate. 

Into a 2-litre 3-neck flask equipped with a 
stirrer, thermometer, dropping funnel and 70 
condenser, there were placed 234.4 g. (1.5 
mols) of the 3,7-dimethyl-octen-(l)-ol-(3), 
234 ml. of petroleum ether (30° C), 3 ml. of 
pyridine and 3 ml. of acetic acid. To the mix- 
ture were added, dropwise, during two ! hours 75 

138.8 g. (1.65 mols) of diketene, while main- 
taining a temperature of 25° — 30° C. by ex- 
ternal cooling. Stirring was continued for an 
additional six hours at that temperature. Then, 

the solution was washed successively with 200 80 
ml. of water, twice with 200 ml. of 10 per cent 
sulphuric acid, again with 200 ml. of water, 
three times with 200 ml. of saturated sodium 
bicarbonate, and finally with water until neu- 
tral. The organic layer was concentrated in 85 
vacuo, leaving crude 3,7-dimethyl-octen-(l)- 
yl-(3) acestoacetate [dihydro-linalyl aceto- 
acetate] as a yellow oil, n 0 25 = 1.4457; yield 
36Z9 g. (100.7 per cent, of theory). 

d) Tetrahydro-pseM^oionone. 90 
A 1-litre 3-neck flask equipped with a 

stirrer, thermometer, and reflux condenser, 
the tops of which was connected to a dry-ice 
trap and then to a gas meter, was charged with 

362.9 g. (1.5 mols) of the 3,7-dimethyl-octen- 95 

(1) -yl-(3) acetoacetate. The flask was heated 
by an oil-bath to 150°— 160° C, causing a 
rapid evolution of carbon dioxide. This had 
virtually ceased after about three hours, dur- 
ing which time the production of carbon di- 100 
oxide was 92 per cent, of the theoretical. 
Fractional distillation of the reaction mixture 
from an efficient column afforded 220.8 g. of 
6,10 - dimethyl - undeeen-(5)-one-(2) [tetra- 
hydro-pse2«faionone] (75 per cent, of theory); 105 
b .p. 72°— 74° C./0.2 mm., n D 25 = 1.4471; 
d/ 5 = 0.842. 

e) HexahydroHpsei^oionone. 

200 g. of the 6,10~dimethyl-undecen-(5)- 
one-(2) was hydrogenated, using freshly pre- 110 
pared 5 per cent, palladium/charcoal catalyst 
at 500 lbs per square inch hydrogen pressure. 
In one hour the temperature rose from 25° to 
60° C. and die hydrogenation was completed. 
On fractionation, 6,10-dimethyl-undecanone- 115 

(2) [hexahydro-psewtfoionone] was obtained in 
a fraction distilling at 68° — 69° C./0.5 mm., 
ni > 25 = 1.433. 

What we claim is: — 

1) A step* in the synthesis of hexahydro- 120 
p settdoionone, which step! comprises catalyti- 
cally hydrogenating geranyl-acetone to hexa- 
hydro^pseM^tfionone. 

2) A step' in the synthesis of hexahydro- 
pseudoitmonz which steps comprises catalyti- 125 
cally hydrogenating temhydro^s^dbionone 

to hexahydro-psew^aionone. 

3) A step in accordance with claim 1 or 
claimi 2, wherein the catalyst used is a palla- 
dium catalyst. 130 
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4) A synthesis of hexahydro-p seiidoivn&ae 
which comprises adding the elements: of 
acetylene to 6-methyl-hepten-(5)-one-(2) or 6- 
niethyl-heptanone-(2) by treating same with 

5 an alkali-metal derivative of acetylene in liquid 
ammonia solution and treating the product 
with a non-alkaline hydrolysing agent, par- 
tially hydrogenating the resulting acetylene 
carbinol in the presence of a palladium] or 

10 nickel catalyst which selectively catalyses the 
reduction of a triple bond to a double bond, 
reacting the resulting partial hydrogenation 
product with diketene, eliminating the ele- 
ments of carbon dioxide from the reaction 

5 product by heating same and catalytically 
hydrogenating the resulting geranyl-acetone or 
telrahydro^ps^wdoionone. 

5) A process in accordance with claim 4, 
wherein the partial hydrogenation is carried 

20 out in the presence of a lead-inhibited palla- 
diumi /calcium-carbonate catalyst. 



6) A process in accordance with claim 4 
and claim 5, wherein the reaction with 
diketene is carried out in the presence of a 
weakly acid agent such as a mixture of 25 
pyridine and acetic acid or a mixture of 
choline and 1 acetic acid. 

7) A process in accordance with any one 
of claims' 4 to 6 inclusive, wherein the 
elimination of the elements of carbon dioxide 30 
is brought about by heating the said reaction 
product to between^ 140° and 180° C. 

8) A process for the nrannfacture of hexa- 
hydro-psewdaionon© by the hydrogenation of 
geranyl-acetone or terrahydro^p^^onone 35 
and a synthesis thereof incorporating said 
process, substantially as described with refer- 
ence to the examples given. 

W. D. WHITAKER, 
Patent Agent 
for F. Hoffmann-La Roche & Co., 
AktiengeseUschaft. 
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